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■ 5) Improved process for preparing penicillins and cephalosporins. 


@ Improved process for preparing penicillins and cephalosporins by reacting 6-amino-penicillanic acid. 7- 
amino-cephaiosporamcacid. 7-amino-3-deacetoxy-cephalosooranic acid or their derivatives with derivatives of a- 
ammoacids in the presence of a properly immobilised penicillin acylase enzyme, at a temperature ranging from 
-5°C to +20'C. The process minimises the production of by-products and ensures inGustnally advantageous 
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T^e present invention relates tc an industrially-advantageous improved process for the preparation of 
r- 1 c : i ! i n s and cephalosporins of formula (I) ana (II) 


; — CH-CC-NhT-Cr 


CQOH 


-CH— CC— NH— Cr+- Cf^ '^CH 2 


CGCH 


(I) 


(II) 


wherein X is an oxygen atom, a sulphur atom or a CH : group; R is a five or six-member hydrocarbon ring 
optionally substituted; R> is hydrogen atom, halogen atom, methyl group or a methylene group bonded to 
an organic radical via an oxygen, sulphur or nitrogen atom. This process consists of reacting an a- 
substituted a-aminoacid of formula (III) 


r a reactive derivative thereof, with a compound of formula (IV) or (V) 


HjN — CH-CH"\ c ^CH 3 

0 I 

C00H 


H^N — CH— CfT 


COOH 


(IV) 


(V) 


wherein X. R, and R' are the groups previously described, m the presence of an immobilised penicillin 
scylase enzyme at a temperature ranging from -5 C to +20 C. 

The above reaction between reactive derivatives of a-substituted a-ammoacids and compounds derived 
from 7-aminocepnalosporanic acid and 7-amino-deacetoxycephalosporanic acid is described in the U.S. 
patent No. 3.816.253. which specifies the course of the reaction in the presence of micro-organisms or 
enzymatic activities in aqueous medium at a temperature ranging from 5°C to 50° C. In particular 
industrially acvantageous yields are obtained at a temperature range of 20 ° C to 40° C. 

Operating at the temperatures indicated in the above patent, the yield of the desired product can be 
reduced by concurrent parallel reactions which cause the formation of by-products that cannot always be 
easily separated from the reaction mixture and the presence of which will in any case affect the overall 
economics of the process. 

The applicant has now found and it is an object of the present invention that it is possible to reduce 
drastically the formation of by-products and increase the yield of the desired product to industrially 
crofitabie levels by carrying out the above condensation reaction at lower temperatures ranging from 
+ 20 C to -5 C in the presence of immobilised penicillin acylase in a reaction medium made up of a 
suitable water organic-solvent mixture, wherein the organic solvent ranges from 0 to 20% by volume. 
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The results obtained are totally surprise *,*r n .„ 
•re cwprinc *a r , r . tflrat , d " ierrn or enzyme copsumcticn- it ,c i, r -„,- , - 

- r . rp « ' ^-' trat! -' res generally causes a s.acHenmg m ^.-matir *r- 3Ct ' that 

; P ;;!;: L " C '" S 10 the Dres ™ ^ent.on ,t „ therefore necessar- v in^i ' ^ ^ *'* ' eaSC °' n :ne 
erv/m* LSea . However this coes not r ai ,^ an in ~ p * ' !n,tlally ' ncrease the Quantity of the 
' !. e . m . peratu,e r' 1 al,0w an extension C f the en^me we V , 9n2Vme CCnsumc,,or - 5ince the fewer 

- 'I ;C * '° ' : ;s DC =sic,e to recycie the mnccmzpa , ' c> r 1 1 ^ at temperatures ranging from 

" l t ^'" tic _ r h " " ' J ' =evterci :: ~es. Tereoy Minimis. r.g 

----r,-' 'i"o" ^ ru ' n S''/ 30 CC,ect cf the cre sen* .rvent-on to P rr vl ce »n ,mnr-, ^ ~ 

1 ,;i anG '"ecnaiosoorins of :n,m,„ ? ... .TDruvea ^recess r C r the oreoarptmp 

" fCTIuia III! rr the " ""' L ' c ' rl * Ca ll <>. "niCM Process OOr^N r- ' ' ' ~' 

mi, ur their reactive cer.vatives *ar r C m r ,orn,i, ^ » " acting a-ammcacds of 

■n-rrocinseG oeninllm ~r- i = c -cmpounos of tcrmua dV) or oyi m thP r,^^ 

organic me^um en2 ' /me *' 3 ' 6m P erat -e rang.ng fm m . 5 > Q >0 J 0 - prGSerCe = f an 

j<=nic me.iurr. y y '-m 5 (_ ;0 -20 o in an aqueous- 

Witn resoeot to the 3DO ve formulas m ar c ,11, R r -„ > 
ovoiohexenvi or o y :- 0 nexyi; or ,, can oe one of the Ltne *J jnSUbS,,,u,eG cyc.cnexaa.eny,. 

- ^ect c c among nyaroxyi, halogen, alky,, alko^ rarboxyi nitro"-m^ '-" ta,n,r ^ one or more substituents 

a.ko./. an aiko> ycarbonyi or to a 5 or 6-memberec h,r- n ° methy ' ene 9^u P bonded to an 

sooted from O, S and N, opt.onally bonded ,0 h m^T ^ ' ° 4 ^-oatoms 

oofonally bearing as substituents one or J I ro 9r0UP 7,3 3,0m * O. S or N, ana 

-' y CarCOn y l carboxy. cyano. ammo and tne -ik* " ' * " ^ amon 9 : h V^<y. halogen alky, a.koxy 
men^ h J e f ^' e i : ? ^ ^t^s of .-ammoacds havin, 

^-e. " — S ° r U -P-^l 5 lvc,ne, D-p- h y dr0xyphenylg ; yc ^;- d - ™^ "" be 

^ or formula (IV) and (V): 6 . 

3-chioro-cephalosporanic ace ammo - 3 - dea cetoxy-cecha l csporan,o ar ld 7-am,n 0 

b.n„ reW «"« — Co, ,TCC 9637 .„ ^ t , par „ cu , ar|j 

co ;r „ tona , 0 cotyrne , mai ; lc r ; n : e r ,aues su * a ^ *»»^» " 

J5 ^actors may oe used. d crapping in gel or nbres. microencapsulation ,-. r membrane 

->~^s^ - structures cr oovalently bonded to 

. — d er,vat, V es of form.a 

" T*e r C eTotTn ra, ' 0nS ° f °' 5 t0 ,0V P'efe-ably 2 ^ rGaCt C ° mp0unds °' formula (IV, 

of 4 ■ prXrea 3y " " Cd 0ut 31 d rang.rg from -5 ' C to . 20 " C . even „ a temperature 

i-ctimum D m ,. s generally - but ^ati S -act~r ■ v.^ih 

The formatim ,;t ^\~ aVs - sc ^> /'elds can be obtained at a cH rannmn fr . m <= o 

the f0! '-.n 9 concJon;:^ ° Cepna ' 0Sp0r,rS ° f a " anc ill) ,s ncrmaHv^ckeV L y ° HP LC at 

ocumn: MERCK HIBAR SELECT 8 

E The n! a en» 1 f-; : ^ CN °'° 5M ' pH 2 ' 5 fcr H ^ p O a 86°, 

- a ---:s n rs;a: d r nttative — ° f — — out by 

Maximum yields are generally cached after a 2-hour reaction 

fne following e>amcies will berter exnlam th P ~n - dcIJ on. 
,r no way be a !.m,tat.cn thereof. ' ^^^^^t.cs and aophcacl.ty :f rhe .nvent.on. but .hall 

Starting materials are available as follows- 
6-ammc-penicillanc aco and --=mmm^ 

P S T' A> r - am,rC - 3 - C ^ ro ^^ a ° C - — - a ^V available 

Pennington , n J.Med. Chem.. , 8 . 403 ,,975) D nhenvlol r " by R " R " Chauve " e - O.A. 

oreparea from the 0 ommercaily-ivanabie D-aminoaads S,Pm/ T D - p - n >' Grc -/P h -y ig , yC i ne can be 
<e.g. HClm MeOH). ammoacds SIGMA) following US ual ester,f,cat,on procedures 
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EXAMPLE 1 

2 5 cf D-cnenyigiycme methyl ester ana 1 g of 7-ammo-3-aeacetoxycepnaiospcramc acid are dissolved m 
50 rri cf distilled water at pH ~" and added tc 250 mg of Immobilised Penicillin Acylase (60 IU) m a 
temperature-controlled reactcr prjvioec with a •'iitermg-paflie oottom cram. The solution is ncucated with 
-;irr:rp at 37 °C maintaining a constant cH by adding 1M NaQH After 2 -ours an HPL 2 assay revea.s the 
presence cf 24" ^gm cf 7-, D-o-ammcpneny ■-acetamiac.i-3-ceacetoxycep naicsooramc acid :yieic 72.6% i 
>e reaction mixture is t'ltereo away arc the immobilised enzyme s put pack to react in the same 
renditions Af'er 25 ncurs. the resiCuat activity ct the enzyme is 44° o of the original activity (half-life 22 


EXAMPLE 2 

2 g cf D-cneny igiycme methyl ester i g of 7-ammc-3-aeacetc <ycechalcsporanic acid ana 500 mg cf 
■mmobilisec Penicillin Acylase (120 IU) are caused to react in the conditions of Example 1 at a temperature 
of 22' C After 2 hours, an HPLC assay reveals the presence of 26.9 mg ml cf 7-(D-a- 
aminophenylace'amido)-3-deaceto-ycephaiosporanic acid (yield 79%). The reaction mixture is filtered away 
ana the immoDiiised enzyme is put back to react m the same conditions. After 60 hours, the resicual activity 
of the enzyme s 74% of the original activity (half-life 118 hours). 

EXAMPLE 3 

3 g of D-phenylglycine methyl ester. 1.5 g of 7-ammo-3-deaceto- ycephalosporanic acid and 2.810 mg of 
immobilised Pemciilm Acylase (675 IU) are caused to react in the conditions of Example 1 at a temperature 
of 4°C. After 2 hours, an HPLC assay reveals the presence of 45.9 mg.ml of 7-(D-a- 
aminophenylacetamido)-3-deaceto ■ y-cephaiospcranic acid (yield 90%). 

EXAMPLE 4 

2 g of D-phenylglycine methyl ester, 1 g of 7-amino-3-deaceto> ycephalosporanic acid and 1.875 mg of 
.mmobilised Penicillin Acylase (450 IU) are caused to react in the conditions of Example 1 at a temperature 
M 4°C. After 2 hours, an HPLC assay reveals the oresence of 29 5 mg.ml of 7-(D-a- 
ammophenyiacetamido)-3-deacetc> ycephalosporanic acid (yield 87%). The reaction mixture is filtered away 
and the immobilised enzyme 'S pu; back to react in the same conditions. After 60 hours, the residual activity 
Df the enzyme shews no significant changes as compared to the original activity (half-life higher than 800 
nours). The reaction mixture from two combined reactions is injected into a chrcmatograpnic column 
cacked with 100 ml of Amberlite XAD-2 (Rohm & Haas). The column s washed with 200 ml of water. 500 
ml of an water methanol (3:1) mixture and then eluted by water:methanol (1:1). The eluate is evaporated at 
30 "C under vacuum to obtain 2 g of 7-(D-a-aminopheny lacetamidc)-3-deacetoxycephalosporanic acic. 
NMR ,o m. DMSO-d6i: 1 93 (3H. s. CH,): 3.3 (2H. a AB. S-CH r -c 4.96 MH d S-CH = v 50 < 1 H. s. H-C- 

;. 5.58 i I H j. Cn-Ch-NH): 7.2-7 4"(5H. m, H-Ar). 
iap = +148 5 

EXAMPLE 5 

2 g cf D-pheryiglycine methyl ester. 1 g of 7-aminc-3-deaceto ■ ycephalosporanic acid and 1 875 mg of 
Immobilised Penicillin Acylase i450 IU) are caused tc react m the conditions of Example 1 at a temperature 
:f 3~" C 'he maximum yield is obtained after 18 minutes and an HPLC assay reveals the presence of 24.5 
mg ml of ~-< D-o-ammopheny i- acetamido)-3-deacetoxycephalosporanic acid (yield 72%) 

EXAMPLE 6 

2 g cf D-cnenyiglycme methyl ester and 1 g of 7-ammo-3-ceaceto ycephalosporanic acid are dissolved m 
40 ml of distilled water and 10 ml cf ethylene glycol at pH 7 anc added to 8.33 g of Immobihsed Penicillin 
Acyiase (2,000 IU) The solution is incubated with stirring at -5*C maintaining a constant oH by adding 1 M 
NaOH After 2 hours, an HPLC assay reveals the presence of 30.2 mg ml of 7-iD-a-aminopnenylacetamido)- 
3-deaceto<ycephalosporanic acid (yield 89%). 
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EXAMPLE 7 


aeace 


an I roDneny. a cetarr, C o.-3-cJe a cmr»vrU^ i ^L.™ ,S J.'* SenCe ° f 29 9 ^5 mi 3 f 7-.D-- 
EXAMPLE J 


•~ 3 g of D-pnenylgiy C :ne methyi e^ter 1 0 r - 3minr n , c 

immobilised Pen.cnhn Acy.ase (60 IU) are ~a^ed to Pa r, ^J^ 0 ^^^^anic ac.d and 250 mg of 
of 37 'C After 2 nours an HPl r "c" ^ tC reaa ,n lhe "nd.t.cns of Example 1 at a temperature 

nuurs, an MHLO assay revea S the rresprrp nf oc; 9 , , _ 

- m '^P^nyiacetarn 1 dc,-3- (3 eac e ro <y ce P halospcran,cac,d,y,eld74-[" 9 ° f / "' D " Q " 
■5 EXAMPLE 9 

- —^"v'.™,.^^ =< 3,7 mgm , o, 7 , 0 ... 
EXAMPLE iu 

EXAMPLE 11 

EXAMPLE 12 

3 - ^. .ncj/iLaming a constant pH by adding 1M NaOH After ? hnrrc ~„ udi - * <=-e^ a, u , 

EXAMPLE 13 

lempe.arure of 4' c Ate, > n L, , ' JpV concnons of Eumpie -2 at a 

EXAMPLE 14 

- an, so IU of P.e 

After 2 nours. an HPLC assav reveals the preserve cl 24 5 L mMf 'n * & temperatljre 0t 37 C. 
^eaceto>:ycephalosporanic acid ( y,eld 72%) ' ' U " a " am,nc P nen y |a cetamido)-3- 

EXAMPLE 15 
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, g ,;r D-crenyigiycne methy. ester, i g cf 7-am,no-3-deacetoxycephalosporan,c acd and 120 !U of Free 
Penicillin Acyiase Enzyme are caused to react ,n the conditions of Example 1 at a temperature of 22 " C 
After 2 nours. an HPLC assay reveals the presence of 27 1 mg.mi of 7-(D-a-am,nophenylacetam,do)-3- 
ceacetoxycephalosporamc acid (yield 79.8%). 

EXAMPLE 16 

f D-preryig.yane methyl ester. 1 g cf 7-am.nc-3-deacetox : 


Pon c . :ephaicsporan!C acid and 350 IU of Free 

• -■■ | c^'.. Aoy.ase .nzyme are caused to react ,n the conditions of Example i at a temperature of 4 = C 
After 2 hours, an HPLC assay reveals the presence of 29.4 mg mi of 7-(D-a-am,nophenylacetamido)-3- 
ceacetoxycephaiosporamc acid (yield 86.6%). 

EXAMPLE 17 

I 9 3 ° f ,«^?,T yl3,yC ' ne me,hyl SSter ' 1 9 ° f 6 - am ' n 0Pen'C,llan l c acid and 250 mg of Immob.lised Penicillin 
Acyiase (60 IU) are caused to react ,n the conditions of Example 1 at a temperature of 37= C. After 2 hours 

(yield 35%) ^ r8VealS Pr6SenCe ° f m9 ml ° f 6 - (D - Q - amino P hen y |a cetamido)-pen,c,tlan,c acd 

EXAMPLE 18 

Ar i ° f nt;! 9lVCine me,hy ' eSte " 1 9 ° f 6 - amin °Pen<c,llan,c acd and 500 mg of Immobilised Penicillin 
Acyiase (120 IU) are caused to react in the conditions of Example 1 at a temperature of 22 'C After 2 

acTJ (yield 44%^ 3SSay r6VealS Pr6SenCe °' 14 ' 2 m9;m ' ° f ^^-^'"^^"y'acetamidC-penicillanic 
EXAMPLE 19 

1.9 g of D-phenylglycine methyl ester, i g of 6-am,nopen,c,(lanic acd and 1.875 mg of Immobilised 
Peniclhn Acyiase ,450 IU) are caused to react ,n the conditions of Example 1 at a temperature of 4°C After 
L^y'eld^lC ^ r6VealS Pr6SenCe ° f 16 ~ 5 mgm ' °' 6 -< D - a - amin °P h enylacetam l do)-penicillanic 
EXAMPLE 20 

2.1 g of D-p-hydro^phenylglycine methyl ester. , g of 6-am,nopen,c,llan,c acd and 250 mg of Immobilised 
Pen,c,l„n Acyiase ,60 IU) are caused to react ,n the conditions of Example 1 at a temperature of 37° C After 
U^^^T^ 9 ^ PreSenCe ° f m9 ml ° f ^^P-V d - y -.-am,no P hen y ,aceta m ,do)- 
EXAMPLE 21 

2.1 g of D-p-hydroxyphenyiglycne methyl ester. 1 g of 6-am,nopen,c,llan,c acd and 500 ma of Immobile 
r C "; n f V,aSe ,l2 ° C3USed t0 reaCt " ,he condltl0 ^ of Example 1 at a temperature of 22 ' C 

Z h t ^ HPLC 3SSa V ^veals the presence of 172 mg ml of 6-(D-p-hydrox y - Q -am- 

inophen y lacetamido)-penicillanic acid (yield 51%). 

EXAMPLE 22 

2.1 g of D-p-hydroxyphenylglycne methyl ester. , g of 6-aminopen,c,l(an,c acd and 1875 mq of 
immobilised Penicillin Acyiase ( 450 IU) are caused to react ,n the concfons of Example 1 at a temperature 
of 4 C. After 2 hours, an HPLC assay reveals the presence of 19.3 mg ml of 6-(D-p-hySroxy-a- 
amincchenylacetamido)penicillanic acd (yield 57%). 

EXAMPLE 23 

mn 9 f °! D - D - h y dro> VPheny,gl yc ,ne meth yl ester, 1 g of 7-am,no-3-deacetox y ce P halosporan,c acid and 250 
mg of Immobilised Pen.cillm Acy.ase (60 IU) are caused to react in the conditions of Example 1 a, a 
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:e^cerature of 37 ' C. After 2 hours, an HPLC a-av rPvP -i* ,h 

-am.nopnen yi acetam ia o,-3-,eaceto>« y ceoha.os^ ^ °' ^ ° ^ °' ^^V-oxy- 

EXAMPLE 24 

2 1 g of D- D -hycroxypneny:g,y C ,ne methyl P^er 1 ~ ~< - - m - 

— - obnisec p e n,c;,i,n A C y:ase .120 IU> are^aUr ^"^^^'^''^craicsocrar.c aca and 500 

1 C re3Ct n :he ^nct.cns of Examp, e , at a 
^veais ; he presence of 1 


rencerature of 22' C After 2 hours, an HP L f s -av 
a-am.Pophenyiacetamicc^-aeacetcxycecnafcsporan, 
EXAMPLE 25 


: c z.:;:^:r ce of ^^of 7. (D . P . nydroxv . 

*C.^ lyiciG 5o°o). 


2 1 g of D-p-hydroxyphenylgiyc.ne methyl e^rer 1 n nf - 

-9 of Immobihsed Pen.olHn Acyiase ,J 5 o".U.' are I a ' ^ '?°- 3 - aeacet0 > Yceohalosporan.c ac,d and ,.875 
temnerafnra i? V ... „ u ' dre '-ausea to react ;n th© ^«^.» ., r- 


Claims 


R — CH— C0-N1^CH— Crf'\ ^.CH, 


C00H 


(I) 


R~CH-CLVNR-CH-Cff 


CH 3 


C00H 


(II) 


wherein: X is O S or CH R f 

* hydrogen a, om . a harogena,^ ° a tZZZlc "orTn^T, ™ 9 ° 0,,0na '" ana R. 


nich orocess consists of react.no « 


NX 

R-k:h— cooh 

r a reactive derivative thereof, « 


(III) 

ompouna having the general formula (IV) or (V) 
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HjN — CH-CH"\ ^CH 3 



COOH 


COOH 


(V) 


wrerein: > . R and R- are aefinea as above, in the presence of an immobilised penicillin acyiase 
enzyme at a temperature ranging from -5 C to 20 C. 

2. T,r, e process according to claim 1. characterized m that penicillins or cephalosporins are produced in 
the presence of a immoPihseo penicillin acyiase deriving from Escherichia Coli ATCC 9637 

3. The process according to claim 1. characterized in that penicillins or cephalosporins are produced in 
the presence of a penicillin acyiase enzyme immcbihsed by a method selected among: absorption, 
ionic or covalent bond, polymer matrix, cross 'inking, trapping in gel or fibres, microencapsulation or 
membrane reactors. 

4. The process according to claim 1, characterized in that penicillins or cephalosporins are produced in 
the presence of a penicillin acyiase which has been immobilised preferably by trapping in cellulose 
triacetate tibre structures or bonded covalently to polyacrylamidic resins. 

5. The process according to ciaim 1. characterized in that penicillins or cephalosporins are produced at a 
pH value ranging from 5 to 8. 

6. The process according to claim 1. characterized in that penicillins or cephalosporins are produced in an 
appropriate water organic solvent mixture, wherein the organic solvent is ranging from 0 to 20% in 


7. The process according to claim 1. characterized in that penicillins or cephalosporins are produced 
using an a-substituted a-aminoacid derivative m concentrations ranging from 1 to 20°o, 

8. The process according to the claim 1. characterized in that cephalosporins are produced using a 
denvattve of an acid of formula (V) in concentration ranging from 0.5 to 10%. 

9. The process according to claim 1, characterized in that penicillins or cephalosporins are coaucec 1 
using an a-substituted a-=^^ca::" der,.-at,«t of fotmuia ml) wnerem R represents: phenyl, cyclohex- 
enyl, cyclohexadienyl or cyclchexyl, each of tnem unsubstituted or containing one or more substituents 
selectee among the group consisting of hyorc<y, halogen, aikyl. alkoxy, carboxy, nitro or amino, 

10. The process accorcmg to c:a<m 1, characterized m that cephalosporins are produced using a 
comocund of fcrmuia (V). wherein R> represents a hydrogen atom, a halogen atom, a methyl group cr 
a methylene group bonded, via an atom of O, S or N, to an alkoxy an alkoxycarbony I or to a 5 or 6- 
membered heterocyclic group containing 1 tc 4 heteroatoms selected from O. S and N, and optionally 
bearing as substituents one or more groups selected among: hydroxy, halogen, alkyl, alkoxy, carbonyl. 
carboxy, cyano and ammo 

11. The process according to ciaim 1, characterized m that cemciilins are produced using a derivative cf 
the 6-aminc pentci'lanic acic of formula iIV'i in concentration ranging from 0.5 to 10% 


volume. 
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